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Regarding damages as a compensatory instrument 5 requires an unbiased estimate of damages.
However, the Commission is well aware that the quality of damage-estimates" depends very much on the quality [... and] the complexity of the required input." 6 Therefore, damages are intended to be calculated pragmatically trading-off accuracy with the "cost and time involved in bringing and assessing the required economic evidence." 7 The calculation of cartel-damages and cartels' profitability effects generally is based on data of goods' quantities sold and prices charged. Unfortunately, data on prices and quantities is not easily available to both, researchers and damage claimants, since firms are not required to publish it.
In contrast, some cartels may even use lobbying to prevent such data from being published or they may actively withdraw it from the public. This was supposedly done by members of the vitamins cartel as is reported by Connor 8 . The unavailability of price-and quantity-data poses a difficulty for 1. researchers doing research about cartel damages, 2. competition authorities screening industries in order to detect collusion, and 3. private damage claimants who need to calculate their claims.
For these groups it would be beneficial if cartel-damages could be computed from data that is easily available and allows for a comparison among firms and across time. These requirements are largely satisfied by accounting data which follows standardized accounting rules. This facilitates comparability among firms in the same jurisdiction. For capital market-oriented firms that apply International Financial Reporting Standards (IFRS) comparability is made possible even on an international scale. Moreover, financial data of large, capital market-oriented firms may easily be obtained from financial databases such as Thomson Reuters Datastream. There are also databases that provide data of smaller firms such as the Hoppenstedt database for German enterprises.
One contribution of this paper lies in examining if accounting data may be used for econometrically estimating cartel damages. It is shown that under some testable assumptions on accounting costs a cartel members' change in revenues minus costs of goods sold can be used as a lower bound for cartel damages. By concentrating on changes in measures of accounting profit this paper does not affect the literature on inferring absolute values of economic profits from accounting 5 Id, at 55 6 Id, at 60 7 Id, at 55 8 John Connor, Global Price Fixing -Our This effect of a distorted time shape of depreciation is amplified when depreciation follows simplifying (e.g. linear) depreciation schedules rather than economic depreciation.
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Moreover, the economic cost of equity is considered a part of profit in accounting and a cost component in economics. In sections II.C. and II.D. it is argued that these are valid points whose main effect is to drive apart the absolute values of economic profits and accounting profits. It is shown under which conditions these effects are unlikely to bias accounting-based estimates of cartel damages.
Moreover, econometric procedures are proposed for testing whether these conditions are satisfied.
A further contribution of this paper lies in outlining, how a lower bound for cartel damages can be estimated consistently from accounting data of revenues and costs of goods sold. This is done in section II.A.. In section III. the propositions made in the previous sections are evaluated econometrically for four firms, BASF, Takeda, Daiichi, and Roche, that participated in the famous and well-researched vitamins cartel. Section IV. concludes.
II. USING ACCOUNTING DATA TO ASSESS CARTEL-EFFECTS -THEORY

A. Definition and Estimation of Cartel Damages
In this section I present a framework for analyzing cartel-damages. In doing so, economic analysis is aligned to accounting by employing accounting terminology for e.g. costs and profits. Since the empirical part of this paper is done with data obtained from the ThomsonReuters Datastream database, the terminology corresponds to the definitions made there. Consider a multiproduct-firm that produces quantity q i of various types of goods 
These goods are sold at price p i , so that revenue (Datastream data type WC01001) is given by
Additionally, one measure of profit, that is relevant in accounting, is operating income per period π op (WC01250) which is defined as revenues minus costs of goods sold, depreciation d (WC01151), and costs of administration and selling s (WC01101)
Now assume, the firm gets the opportunity to participate in a cartel in product j which raises j's price from its competitive level p Cj to its higher cartel level p Kj . This is achieved by restricting quantity (q Kj < q Cj ). For the time being, fixed costs, depreciation, and costs for administration and selling are assumed to remain unaffected by the cartel.
14 Then, the cartel-related change in operating income is denoted by
where D Kj is a dummy-variable that takes value 1 if the firm participates in a cartel in good j and 0 otherwise. It is straightforward to check that under the above assumptions ∆π op /∆D Kj = ∆π/∆D Kj holds, where π is the difference between revenues and costs of goods sold
In the following, these results are used to show (a) that ∆π/∆D Kj is a reasonable lower bound for cartel damages and (b) that this lower bound can be estimated consistently from accounting data. Equation (4) can be re-ordered to give a price-effect and a quantity-effect
12 Please note that the analysis provided in this paper requires goods in segment i to be homogenous, such as cement or vitamins. The analysis of cartel damages may be more complex when goods in the same segment i are differentiated. Then, a uniform price pi does not exist. This is the case for e.g. insurances. 13 It is left to further research to examine how marginal costs, that vary with output, and fixed costs, that vary over time, affect damage calculations. 14 These assumptions are relaxed in sectionsII.C. andII.D..
The first summand, the price-effect, makes clear that in comparison to the competitive situation the cartel-firm makes an additional profit on each unit sold of good j, i.e. In some jurisdictions the defending cartel-firm may use such a pass-on defense-strategy in order to argue that actual damages are lower than TD j . Then, the damage award should be lowered accordingly. This is just an additional step in computing damages that builds on computing TD j as in (8). Hence, the findings of the present paper, that is only concerned with quantifying TD j , are no less relevant when a pass-on defense is allowed. Consequently, regarding the objectives of this paper total damages can reasonably be defined according to equation (7). By combining equations (6) and (7) we find
From the above discussion we know that ∆q j /∆D Kj 
Equation (11) is an empirically estimable counterpart of equation (8) TD j ≥ .
One finds that cartel damages cannot exactly be inferred from accounting data. However, using β as a lower bound for cartel-damages does have advantages over simply using the change in revenues and can have advantages over using price-and quantity-data. These points will be evaluated in turn.
Sometimes it is argued that "any estimates of the changes in the total value of sales of the cartelized product in a given market will also provide a lower bound on the harm done by the cartel's formation to customers in that market."
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To see this, write the change in revenues caused by the cartel in good j as
20 A discussion and evaluation of the accounting data needed is given in sectionII.B.. By plugging in equation (7) and rearranging, one gets
Obviously, the cartel-related change in revenues is a lower bound for cartel damages. However, β is a better lower bound. This is for two reasons. First, equation (4) immediately gives
. Second, the cartel-related change in revenues can even be negative, thus, providing an unlovely lower bound for damage claims. A short discussion of cartels' revenue effects is motivated by Figure 1 , which displays industry demand for good j, (symmetric) firms' marginal costs c, revenue R, marginal revenue MR, and a monopolist's profit π. If more than one firm is active in the industry, industry profits will be lower than π. It is assumed that firms do not incur fixed costs. Suppose the cartel is formed by all firms in j's industry.
Hence, prices and quantities are set according to a monopolist's rationale for profit-maximization,
For Cournot-competition with n firms and a linear demand curve, with consumers' reservation price denoted as A, it can be shown that industry revenue (and consequently each cartel-member's individual revenue) rises when condition
is satisfied. Thus, one can make the following statements: 2. Higher marginal costs (relative to the reservation price) induce lower cartel revenues and higher competitive revenues. This makes a cartel-related increase in revenues less likely.
Hence, a positive revenue-effect is especially likely in industries where marginal costs are small compared to the reservation price.
3. The size of the market (as represented by the slope of the demand curve) does not enter condition (14) and, hence, only affects the absolute change in revenue but not its sign.
To sum up the above discussion, the cartel related change in revenues minus costs of goods sold is a better lower bound for cartel damages than the change in revenues alone, since the first is always positive and exceeds the latter.
VanDijk and Verboven
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present further methods for computing total damages. The common concept of these methods is to determine the increase in prices that is caused by the cartel (i.e. the price overcharge). This can e.g. be done by comparing cartel-prices to prices in the same market in cartel-free periods (before-and-after approach) or to cartel-free prices in other geographical or product markets (benchmark approach). Then, total damages are calculated by either multiplying the absolute price overcharge with quantity sold in the cartel, or by multiplying the percentage price overcharge with revenue obtained by the cartel
In the latter case, it is important that the percentage price-overcharge is computed relative to the cartel-price. Otherwise, adjustments should be made accordingly. If high-quality data of prices and quantities is available, these methods allow for an exact calculation of total damages. In this case, one should rely rather on these calculations as on ones that are based on accounting data. However, unlike accounting data, price-and quantity-data is not routinely provided by firms. Short-term employee benefits (a) clearly are consistent with the economic definition of wages since they are recognized as an expense "when an employee has rendered service in exchange for those benefits." (IAS 19.I. 3) The treatment of post-employment benefits (b) is equally simple. Postemployment benefits can be seen as a reward for employees' current supply of labor that only results in a future payment to the employee. Thus, they must be recognized as an expense in the current period. Matters are not that clear for other long-term employment benefits (c) and termination benefits (d) since these lack a clear relationship to the current period's production.
However, if other long-term employment benefits and termination do not systematically vary with the formation of a cartel they do not affect estimates of cartel-related profit effects and damages.
One finds that revenue and costs of goods sold are defined quite consistently with their economic counterparts. Consequently, a regression as specified by equation (9) appears to be a valid way for computing a lower bound for cartel damages. One might object that revenues and costs of goods sold might be biased by techniques of earnings management. From a theoretic standpoint it is not clear how such measures will affect damage estimates. To illustrate this point consider that a firm's financial statements are addressed to a variety of groups that have different interests in the firm. Shareholders may be assumed to have a desire for high profits. However, with regard to tax payments and cartel prosecutions the firm will be interested in showing low profits. Which of these effects is stronger, cannot be assessed theoretically but must be evaluated in each case separately. In this context, one should also take into account different accounting standards' tolerance for earnings measurement, which is e.g. higher in German GAAP than in IFRS or US-GAAP.
C. The Effect of Depreciation on Cartel Damages
In sectionA. the assumption was made, that the cartel affects nothing but prices charged and quantity sold by the cartel members. In this situation, the cartel-induced change in (accounting) operating income was found to be identical to the change in revenues minus costs of goods sold, whose empirical counterpart may be used as a lower bound for cartel-damages. This finding does not hold any longer if the cartel also systematically affects depreciation. This is because depreciation has a fixed cost component (E.g. production facilities loose some value by ageing.) and a variable cost component. I.e. the cartel-induced reduction of quantity sold will also cause a lower quantity produced which affects production facilities' depletion. As a consequence, some part of depreciation must be considered an element of marginal costs that determine cartel-firms' pricing behavior and, thus, cartel damages. Conceptually, this challenge can be overcome by proxying damages with the cartel-induced change in gross income (WC01100) rather than the change in revenues minus costs of goods sold. Gross income is defined as revenue minus costs of goods sold minus depreciation, depletion and amortization (d; WC01151)
Then the cartel induced change in gross income is given by
under the assumption that fixed costs are not affected by the cartel.
In practice, computing this lower bound for cartel damages is not as easy as it may seem from a conceptual viewpoint. This results from depreciation, depletion and amortization d being one of the items that prevents interested parties from drawing economic inferences from accounting data. This is because economic depreciation and accounting depreciation rarely correspond to each other and can hardly be made matching at reasonable cost and accuracy. Economic depreciation should be computed following the ideas of Hotelling 28 while accounting depreciation often follows simplifying (e.g. linear depreciation) schedules. Putting Hotelling's ideas into modern words the value of an asset should be determined as the present value of net cash flows (i.e. revenue minus production costs) generated by the asset plus its discounted scrap value. Thus, economic depreciation (respectively appreciation) is the change in the asset's value between two periods. In accounting practice tangible assets according to IAS 16.29 shall either be valued at their cost less any accumulated depreciation and impairment losses (cost model) or at their fair value (revaluation model). The revaluation model resembles economic depreciation pretty closely. However, when the cost model is applied, economic and accounting depreciation may deviate since the cost model is based on fixed (e.g. linear) depreciation plans that do not necessarily match economic depreciation.
As a consequence the size and time-shape of gross income will differ depending on whether economic or accounting depreciation is used. These effects impact coefficient-estimates of regressions that rely on gross income as a dependent variable.
As a consequence, one should test if d is independent of the formation of a cartel. In this 28 Above n 11 case, the lower bound for cartel damages can consistently be estimated following the procedure outlined in section A., which relies on the difference between revenues and costs of goods sold rather than on gross income. Such a test requires regressing d on possibly explanatory variables and a cartel-dummy. d can be omitted in damage calculations if one must accept the hypothesis that the coefficient of the cartel-dummy from this regression does statistically not significantly differ from zero. If depreciation is found to be affected by the cartel one needs to use gross income as the relevant measure of profit. However, in this case one should be extremely cautious in interpreting the β-coefficients as a lower bound for cartel damages. This is because of the above problems concerning the economic interpretability of d.
D. Cost Efficiencies and Fining of Cartels
In section A. the assumption was made, that the cartel affects nothing but prices charged and quantity sold, so that a lower bound for cartel damages can be found as the cartel-induced change in revenues minus costs of goods sold. In section C. the assumptions on costs was relaxed by allowing depreciation to be affected by the cartel. It was found that in this case estimating a lower bound for cartel damages requires determining the cartel-induced change in gross income. However, this measure must be assumed to be biased since accounting depreciation does not necessarily match economic depreciation. In this section D. the assumption on costs is further relaxed by allowing the cartel to also affect further cost components such as costs for administration and selling, and capital costs. In this situation the cartel may give cartel firms more benefits but overcharging customers.
This causes a situation where cartel members' additional profits exceed damages awards . Fisher 29 argues that all such profits should be extracted from a cartel's members in order to guarantee that the cartel is rendered unprofitable. This requires calculating additional profits.
First, the cartel may affect depreciation. In this case. the change in total profits equals the change in gross income, which can be assessed as described in section C. Second, the cartel may also affect expenses for selling and general administration (s; Thomson Reuters Datastream item WC01101). Selling, general and administrative expenses contain e.g. marketing and advertising expenses, employee costs, directors' remuneration as well as expenses for research and development (R&D). As long as prices are above total average costs, these cost components can be considered fixed costs whose change does not affect prices. Hence, changes in s affect profits but do not affect total damages. Thus, in this case damages must not be inferred from any definition of profits that is broader than gross income as defined in equation (16) Third, the cartel may also affect firms' cost of capital. This may occur via two channels.
First, the cartel may affect share-and debtholders' interest requirements, causing the weighted average cost of capital (WACC) to change. Second, this change in interest rates may animate cartelfirms to adapt their capital structure accordingly. These effects affect firms' economic profits and can theoretically be inferred from e.g. the cartel-induced change in firms' earnings before taxes (EBT). However, even if one suspects these effects, the below analysis suggests that they are hardly quantifiable. This is because capital costs can hardly be computed at a high level of accuracy which also makes testing for such effects difficult. Therefore, more research is needed in this area.
Much input to this discussion is provided by the literature on the economic value added (EVA) as e.g. summarized by Hostettler. 30 In order to compute a firm's true cost of capital one would first need to transform its total assets into invested capital. This requires removing assets that are related to non-operating activities and add non-capitalized operating assets.
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An example for the latter are assets from research that generate profits but were expensed rather than capitalized in the past (e.g. expenses for research) since it was uncertain then whether they would ever generate profits. Another example are non-capitalized, leased assets (operating leases). In a second step, one needs to estimate the firms' cost of capital rate. Since transforming total assets into invested capital is only tedious while estimating the cost of capital rate is conceptually more difficult. This is because methods such as regressions based on the famous capital asset pricing model or the more complex arbitrage pricing theory give plausible estimates that, however, are sensitive to altering assumptions e.g. about the time period used for estimations. Investors require an interest on their investment which at least equals the interest that they could earn when investing in a project with a similar risk-structure elsewhere. Hence, the assumption of a constant cost-of-capital rate requires that the cartel neither affects cartel-firms' riskstructure nor the interest paid by other firms. These assumptions are not a priori satisfied.
Participating in a cartel may lead to a higher volatility of revenue and profits since e.g. cartelperiods may be interrupted by price wars while the discovery of the cartel is likely to cause fines imposed on the firms by competition authorities. This volatility mainly carries over to dividends paid to shareholders who might, therefore, adjust their interest requirements upwards. This requires shareholders to being able to perceive the volatility in profits that is caused by a secret agreement.
Such a change in the interest on equity may also alter the relation of interest on equity and interest on debt which may cause cartel-firms to adjust their capital structure. This capital-structure effect of the cartel should be more likely if also the minimum required interest on debt changes. In this context, one might want to consider that non-colluding firms in the cartelized industry may also raise prices under the cartel's price umbrella. This makes non-cartel firms more profitable and allows for higher interest requirements of debtholders. It is unclear if this effect is strong enough to affect interest rates on debt that are also charged from firms in other industries, i.e. the overall interest level. These effects deserve further theoretical as well as empirical research. However, as they are not crucial for the quantification of damages but only for the question whether all excess profits are extracted by damage awards, these effects are not evaluated here any further.
III. USING ACCOUNTING DATA TO ASSESS CARTEL EFFECTS -EMPIRICS
In this section the method for quantifying cartel-induced damages, that is proposed in section II.A., is implemented for the famous and well-researched vitamins cartel. Connor states that the vitamins cartel "extracted historically unprecedented monopoly overcharges from customers. These overcharges later appeared on the profit statements of the vitamin manufacturers." Hence, section B. is concerned with identifying a lower bound for damages brought about by the vitamins cartel. This is done using the techniques outlined above. In section C. the difficulties are presented and evaluated that arise when using these techniques.
A. The Vitamins Cartel
Between 1989 and 1999 several European, Japanese, and North-American producers of vitamins colluded in prices.
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Among these firms were BASF, Roche, Daiichi, and Takeda that agreed to jointly raise prices of the vitamins shown in Table 1 . Vitamins can be regarded as a relatively homogeneous good. This facilitates the detection of deviations from agreed cartel prices and contributes to cartels' stability. Moreover, vitamin production requires detailed technical skills which prevents quick entry into the industry. Different vitamins cannot be substituted and require different production techniques. Therefore, each type of vitamin constitutes its own separate market. Table 1 gives basic information on the structure of these cartels. The supposed cartel-leader (i.e.
Hofmann-La Roche in five cases) is highlighted in bold. One may note that the cartels in vitamins B1, B6, and folic acid and the one in vitamins C and B2 faced strong competition from Chinese exports and, thus, lasted only for 4 respectively 5 years. In vitamin B4 cartel-firms were put under competitive pressure by some small competitors. Market concentration was especially high for vitamins A, E, B5, and beta-carotene. Markups on vitamins are quite high for vitamins that are sold for human use on retail level. Here, manufacturers' prices of raw vitamins account only for 5-6% of the retail price. In comparison "mark-ups for feed-and food-grade vitamins are fairly modest." 37 Still, demand for vitamins is found to be fairly inelastic.
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The cartel-firms were prosecuted and fined by the US-American and the European competition authority in 1999 after Rhône-Poulenc had sought leniency in 1998. Prices for vitamins are found to be raised gradually over time rather than being lifted up in one big price-step after the formation of the cartel. Moreover, after the discovery of the cartel prices dropped by about 50% within two months leaving prices 30-40% lower than in the pre-cartel period. However, these price movements are not uniform across all vitamins affected. E.g. prices for liquid vitamin A almost tripled during the collusive phase. Even after the end of the conspiracy this price was 62% above its pre-conspiracy level. Figure 2 gives an overview on the development of these four firms' revenue and costs of goods sold as well as the difference and ratio of these two values. Obviously, there is no change in these values that might clearly be attributed to the cartel. Solely for BASF it is remarkable that the ratio of revenue and costs jumps on a higher level during the cartel period.
Moreover, it is much smaller than the other firms' ratios and follows a different time trend.
Converting revenues and costs to US-$ does not change much for Roche, Daiichi and Takeda but strongly impacts the time-series for BASF. Therefore, it appears reasonable to maintain national currencies. (1) duration 1990-1999 1991-1994 1991-1995 1991-1998 1991-1998 1989-1996 (2) 
B. Quantifying Cartel Damages in the Vitamins Cartel
As proposed in section II.A. an estimate of the lower bound for cartel-damages ∆π/∆D Kj as defined in equation (4) can be found as β from a time-series regression as defined in (9), given that the cartel affects nothing but firms' revenues and costs of goods sold. Please note, that only one carteldummy can be used for BASF's and Roche's participation in the cartels of vitamins B5 and betacarotene as both cartels occurred at the same time. Since using yearly data keeps time-series short (23 respectively 21 observations in case of the present dataset) one must be parsimonious in specifying the set of further explanatory variables X.
For BASF an IFRS-dummy is included covering the effects of BASF switching from German-GAAP to IFRS in 2004. A further dummy is included that takes value 1 from 1999 on and Since the US-market for vitamins is quite important, the US-$/Euro exchange rate is also included in X. A White-test indicates heteroscedasticity, while a JarqueBera test implies normally distributed error terms. Therefore, estimation is done by standard ordinary least squares (OLS) with heteroscedasticity-consistent standard errors. None of the coefficients is significant except for the one associated with incoming orders (p-value 2.2%).
However, the Durbin-Watson statistic indicates positive, first-order autocorrelation in the error term which implies misspecification of the model. This autocorrelation can be reduced by including dummy variables in 1987, '88, '99, and '00. This also increases coefficients' statistical significance but partly reverses the signs of the cartel-coefficients. However, such a procedure would appear arbitrary since it is uncertain, what real events these dummies shall represent. An Augmented Dickey-Fuller test indicates that both, the dependent variable and incoming orders, have a unit root.
Since the error term of a regression of the difference between revenues and costs of goods sold on incoming orders indicates stationarity, the variables must be assumed to be cointegrated. Therefore, an error correction model is estimated where the first difference of revenues minus costs of goods sold ∆π t is regressed on a constant a, the first differences of the cartel-dummies ∆D Kj,t , the exchange rate of the Euro relative the US-Dollar e EURUSD , the first difference of incoming orders ∆IO t and an error correction term (π t-1 -θIO t-1 ). The exchange rate is used in levels since it is found to give a higher R² and lower information criteria. The first differences of the IFRS-and the Euro-dummy remain unconsidered for reasons of parameter-parsimony. Each would take value zero in all periods except for one, so that the informational content of the related estimation-coefficients would be low.
This regression gives an adjusted R² of 59% with (δ 2 -1) not being significantly different from zero. Therefore, a regression in first differences can be performed, thus, omitting the error correction term.
The adjusted R² of this regression amounts to 53% with a, γ, and δ 1 being significant at the 1%-level and taking the expected signs (γ < 0 and δ 1 > 0). The β-coefficients for the cartels in vitamins B4, C, and B2 are insignificant, which is reasonable since these vitamins were subject to competition. The β-coefficients for the cartels in vitamins A, E, betacarotene and B5 are significant at the 1%-respectively 10%-level. However, these β's are negative which is counterintuitive since one should expect revenues minus costs of goods sold c.p. to rise when a cartel is formed and to fall when a 41 Due to the German reunification the time series of incoming orders in the chemical industry starts in 1991. In the appendix it is described how the missing values for 1985-1990 are constructed from similar data for West Germany.
cartel breaks down. Therefore, the above models respectively the quite aggregate data used must be considered inappropriate for quantifying a lower bound for cartel damages.
For Roche the regression's explanatory variables include the cartel-dummies, a dummy for the application of international generally accepted accounting principles (GAAP) from 1990 on, a linear trend, and the exchange rate of the Swiss Frank and the US-$. A further explanatory variable is sales in the Swiss chemical industry provided by the Swiss statistical office.
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Since a White test does not suggest the error term to be heteroscedastic, the model is estimated by OLS. None of the cartel-coefficients is found to be statistically significant. Although the dependent variable and industry sales are found by an augmented Dickey-Fuller test to have a unit root, an Engle-Granger test does not indicate cointegration. However, estimating the model in first differences does not give statistically significant coefficients.
In case of Takeda it is found that π kinks upwards in 1999 such that a simple linear trend rises too strongly prior to 1999 and too softly afterwards. As a consequence, a second linear trend is included starting in 1999. Since for the Japanese chemical industry no data of orders or sales was available the only additional variable is the YEN/USD exchange rate. The estimation is done using heteroskedasticity-consistent standard errors. The cartel-coefficients are significant and positive at the 5%-level for the conspiracy in vitamins B1, B2, and folic acid, and negative and significant at the 1%-level for the conspiracy in vitamins B and C2. An F-test also indicates at the 5%-level that both coefficients must jointly be different from zero. This indicates that the cartel in vitamins B1, B2, and folic acid (C and B2) increased (decreased) Takeda's π by 2.63% (4.18%). However, one should also consider that the larger part of π's variation is explained by the trend terms and the constant.
The specification for Daiichi is quite rudimentary since, besides the constant and the cartel- 
C. Difficulties in the Above Analysis
The above regressions may be considered inappropriate to identify the cartels' effects on firms' π.
This may be attributed to two broad categories of difficulties. On the one hand, the data used may be inappropriate for analyses of the above form. On the other hand, the econometric techniques and specifications might be considered sub-optimal. These difficulties will be analyzed in turn to give recommendations for improvements and further research.
First, the data used is highly aggregated since all analyzed firms employ several lines of business. Therefore, both variables, revenue and costs of goods sold, are affected by the entirety of managerial decisions in an enterprise such as investments, divestitures, and mergers, even if those decisions do not affect the vitamins segment at all. Given the short time-series (and, thus, the required parameter-parsimony) as well as the fact, that not all important managerial decisions are made public, the above estimates clearly suffer from an omitted-variable bias. These challenges can be adressed by using less aggregated, segment-level data. Then, one only needs to control for decisions and factors that affect the segment of interest rather than the entire firm, which is a much easier task. Unfortunately, segment-level analyses often cannot be performed since firms (such as BASF, Roche, Takeda, and Daiichi) use to alter segment classifications every few years. Therefore, no segment-level time-series for revenues and costs can be constructed that meets sufficient qualitystandards. In this context, it might be one objective for competition policy makers to cooperate more strongly with accounting standard setters in order to provide accounting standards that prevent firms from altering segment-delineation too often. Considering divestitures, mergers and other factors that alter a firm's structure, steady segment-delineations may not be feasible under all circumstances. However, in these cases it would be helpful if firms had to provide a detailed and one may not expect damages and cartel-profits to be the same in every year. Modeling such effects requires at least two things. On the one hand, one must know about these effects. This requirement is unlikely to be satisfied short time after the discovery of an collusive agreement. On the other hand, it must be possible to model these effects.
In this context it is not sufficient to only capture the cartel's effect by a simple dummy-variable.
Instead, one needs to model the strength of the collusive agreement. To put it into terms more common in the damages-literature, in order to assess cartel damages (from accounting data) one needs to do econometric modeling rather than performing a simple before-and-after regression.
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In this context, more research is needed adressing the question of how to measure the degree of anticompetitiveness of a collusive agreement. This also requires to impose more structure about the competitive and collusive conduct on the model in order to keep the model estimable, given the length of the time-series used. This, in turn, requires to develop tests for the applicability of the structural assumptions made.
Third, estimating the above models by (heteroskedasticity-consistent) OLS is probably inappropriate since it is not unreasonable to assume a correlation between the occurrence of a cartel (i.e. cartel dummies) and unobserved effects (i.e. the error term). Here, one may e.g. think of the state of demand that both affects profits and the probability for forming a cartel respectively the stability of a cartel. Moreover, the existence of buyer power does directly influence profits but also may affect the probability of forming a cartel by stimulating firms' desire to create a force in opposition to strong buyers. Principally, there are two possibilities for dealing with this endogeneity issue. On the one hand, one may attempt to proxy such variables and include them in the above model. This means advancing the approach towards econometric modeling. On the other hand, the effect of endogeneity may be alleviated or removed by using an instrumental variables estimation.
In this case, one instruments the model with variables that are highly correlated with the presence of a cartel but little correlated with the unobserved effects in the error term. Applying the IV-regression in two stages we first regress the cartel dummies on variables θ that possibly explain the probability of forming a cartel. This regression can be interpreted as a linear probability model. In a second step one regresses the profitability measure on the probabilities of forming a cartel, estimated in the first stage, given the current values of θ.
IV. CONCLUSION
Concluding the above analysis, accounting data may neither be considered a blessing nor a menace in calculating cartel damages. It is shown that under some testable assumptions accounting data can be used for estimating a lower bound for cartel damages. This lower bound can be obtained from a regression of the difference between revenues and costs of goods sold on possibly explanatory variables and cartel-dummies. This allows for estimating a lower bound for cartel damages even when data of prices and quantity sold is unavailable.
It is shown that one may expect accounting data based estimates of damages and/or cartel firms' excess profits to be most exact if the cartel only affects infringers' revenues and costs of goods sold. This is because these accounting items are defined rather consistently with their economic counterparts. If the cartel also affects further cost components such as depreciation d and expenses for administration and selling s (including R&D-expenses) one needs to account for these effects in the calculation of damages and/or cartel firms' excess profits. Since both depreciation and expenses for administration and selling are not necessarily defined consistenly with economic theory, one is advised to rely on such estimates only with care. In this paper it is proposed how to econometrically test whether s and/or d systematically vary with the cartel. Additionally, one must be aware that the above variables might be affected by measures of earnings management. This may bias damage-estimates in either direction. Interpreting such estimates, thus, requires taking into account different accounting standards' tolerance for earnings measurement.
The proposed estimation procedures are applied to four firms that participated in the vitamins cartel. These estimations highlight further challenges when using accounting data. If only yearly data is available time-series are short. As a consequence, regression-specifications have to be parsimonious leaving much variation unexplained. Preferably, quarterly or even monthly data should be used. Moreover, for multiproduct firms time series of a sufficient length may only be available at an aggregated level. Such firm-level data is exposed to many influences besides the cartel-effect. Therefore, cartel-effects are hard to quantify. Preferably, one may want to use segment-level data. However, at segment level time series must be expected being too short for a meaningful econometric analysis as firms generally alter their segments' delineation every few years.
To my knowledge, this is the first paper that explicitly explores the benefits and obstacles of using accounting data in econometric analyses of cartel-damage calculations. It is found that economists should not discard accounting data for calculating cartel damages per se. Under some assumptions a lower bound for cartel damages can consistently be estimated from accounting data.
Further research might be directed to augmenting the above estimation procedures with prior knowledge and structural assumptions that are based on economic theory. In this context, one challenge is to correctly model the strength of the collusive agreement. Modeling the cartel by a dummy-variable taking value one if the cartel is in force and zero otherwise appears to be oversimplifying. This is because a dummy-variable of this form neither adequately reflects adaption processes in the cartel establishment process nor periods of price wars. Therefore, more research is needed addressing the question of how to measure the degree of anticompetitiveness of a collusive agreement.
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